DESCRIPTION 



DEVICE FOR INSPECTING APPEARANCE OF A ROD-LIRE ARTICLE 

Technical Field 

The present invention relates to an appearance 
inspection device for detecting defects, such as dirt, 
stains and the like, on the outer surface of a cigarette or 
filter cigarette as a rod-like article. 

Background Art 

A filter cigarette-manufacturing machine includes a 
feeding path for feeding cigarette rods sideways. In other 
words, cigarette rods are fed in the perpendicular 
direction relative to their axis. In the cigarette rod- 
feeding process, a cigarette rod is first cut into equal 
parts to form two cigarettes. Thereafter, a space is 
secured between the two cigarettes to dispose a filter plug 
therein, and then the cigarettes are then in closely 
contact with both ends of the filter plug to form a 
cigarette/plug assembly. 

Subsequently, the cigarette/plug assembly is wound 
with a tip paper piece to be formed into a double filter 
cigarette. The double filter cigarette is then cut into 
equal parts , thereby obtaining discrete filter cigarettes . 

A filter cigarette having an outer surface with any 
defect in appearance, such as dirt, stain and the like, is 
a defective product. The defective product must be ejected 
from the feeding path. 

To eject defective products from the feeding path, it 
is required to detect defects in appearance of products as 
rod-like articles, namely cigarettes or filter cigarettes, 
in the feeding process thereof. Generally, the detection 



Is performed by using an inspection camera for imaging the 
outer peripheral surface of a rod- like article. 

With respect to the rod- like article on the feeding 
path, however, what the inspection camera can image is only 
a part of the outer peripheral surface of the rod- like 
article, the part facing the inspection camera. Therefore, 
imaging the whole area of the outer peripheral surface of 
the rod- like article requires a plurality of inspection 
cameras . 

More specifically, the feeding path is generally 
defined by a drum train including a plurality of fluted 
drums ranged in the feeding path. Rod- like articles on the 
drum train are conveyed while being sequentially 
transferred from a fluted drum to the adjacent fluted drum. 
Accordingly, every time the rod- like article is transferred 
to the next fluted drum, a different part of the outer 
peripheral surface of the rod- like article is brought to 
face outward in a radial direction of the fluted drum. If 
a plurality of inspection cameras are located in proper 
positions on the feeding path, these inspection cameras can 
image different parts of the outer peripheral surface of 
the rod-like article one after another. As a result, the 
image of the entire outer peripheral surface of the rod- 
like article can be obtained by collecting image data from 
each inspection camera. 

It is not easy, however, to secure locating spaces for 
a plurality of inspection cameras in the feeding path. 
Moreover, the use of a plurality of inspection cameras 
raises the cost of an appearance inspection device. 

On the other hand, in the feeding process of rod- like 
articles, if a rod- like article is rotated around its axis 
when passing the visual field of an inspection camera, it 
is possible for one inspection camera to image the entire 



outer peripheral surface of the rod- like article. However, 
the speed of feeding cigarettes or filter cigarettes on the 
feeding path is extremely high, so that it is impossible to 
rotate the rod-article at 360° in a short interval where 
the rod-like article passes the visual field of the 
inspection camera. 

Disclosure of the Invention 

An object of the present invention is to provide an 
appearance inspection device for rod-like articles, that is 
capable of collecting image data of the entire outer 
peripheral surface of each rod-like article by using only 
one inspection camera in a feeding process of rod- like 
articles . 

An appearance inspection device of the present 
invention for achieving the above object comprises a main 
feeding path, a bypass -feeding path and imaging means. The 
main feeding path feeds a rod- like article with a first 
zone of the outer peripheral surface of the rod-like 
article exposed. The main feeding path has first and 
second feeding phases that are different from each other 
with respect to the feeding of the rod- like article and is 
capable of receiving the rod- like article in the first 
feeding phase. 

The bypass-feeding path receives the rod-like article 
of the first feeding phase from the main feeding path to 
then convey the rod- like article and then returns the rod- 
like article onto the main feeding path so that the rod- 
like article is conveyed in the second feeding phase. The 
bypass -feeding path feeds the rod-like article with the 
second zone thereof exposed, the second zone being a 
different zone on the outer peripheral surface of the rod- 
like article from the first zone. The first and second 



zones cover the entire outer peripheral surface of the rod- 
like article. 

The imaging means includes one inspection camera for 
directly or indirectly imaging the first and second zones 
of the rod-like article in the process of feeding the rod- 
like article on the main and bypass -feeding paths to 
collect an image data of the entire outer peripheral 
surface of each rod- like article. 

According to the above -described appearance inspection 
device, the inspection camera images the first and second 
zones of a rod- like article one after the other in the 
process of feeding the rod- like article on the main and 
bypass -feeding paths, thereby being capable of collecting 
the image data of the entire outer peripheral surface of 
the rod-like article. Accordingly, it is possible to 
detect defects in appearance, such as dirt, stains and the 
like, of the rod-like article on the basis of the image 
data. 

As described above, the image data of the entire outer 
peripheral surface of the rod- like article can be obtained 
by using a single inspection camera. Thus, the inspection 
camera location is easy, and the structure of the entire 
appearance inspection device is simple, which makes it 
possible to provide the appearance inspection device at a 
low cost. 

It is preferable that the inspection camera be so 
located as to directly image the first zone of a target 
rod-like article on the main feeding path, and that the 
imaging means further include a plurality of reflecting 
members for providing reflected images of the second zone 
of the target rod- like article to the inspection camera 
when the target rod-like article is conveyed on the bypass - 
feeding path. Specifically, what the reflecting members 



provide for the inspection camera are the reflected images 
of two parts obtained by subdividing the second zone. 

Since reflecting mirrors or prisms as such reflecting 
members can use, it is possible to easily obtain an optical 
system between the inspection camera and the bypass -feeding 
path. 

Furthermore, the Inspection camera is capable of 
simultaneously imaging the first zone of one rod-like 
article on the main feeding path and the second zone of 
another rod-like article on the bypass -feeding path. In 
this case, the inspection camera can obtain the image data 
corresponding to the entire outer peripheral surface of a 
single rod-like article through one imaging action, thereby 
being capable of securely obtaining the image data of the 
entire outer peripheral surface of the rod- like article 
even if the speed of feeding rod- like articles is increased. 

Specifically, the bypass -feeding path receives the 
rod- like article from a bypass position of the main feeding 
path to convey the rod- like article thereon and then 
returns the rod- like article to the main feeding path at a 
returning position located downstream from the bypass 
position. In this case, length required for the main 
feeding path is shortened, which makes the appearance 
inspection device compact . 

The appearance inspection device may further include a 
downstream bypass -feeding path situated downstream from the 
above-mentioned bypass -feeding path on the main feeding 
path. In this case, the inspection camera is disposed to 
face the main feeding path extending between the bypass 
position for the upstream bypass -feeding path and the 
returning position for the downstream bypass -feeding path, 
and directly images the first zone of the target rod- like 
article on the main feeding path. The imaging means may 



further include a first reflecting member for providing a 
reflected image of a part of the second zone of the target 
rod- like article to the inspection camera when the target 
rod- like article is conveyed on the upstream bypass -feeding 
path and a second reflecting member for providing a 
reflected image of the rest of the second zone of the 
target rod- like article to the inspection camera when the 
target rod- like article is carried on the downs tream 
bypass -feeding path. 

It is preferable that the inspection camera 
simultaneously image the first zone of one rod-like article 
on the main feeding path, the above-mentioned part of the 
second zone of another rod- like article on the upstream 
bypass -feeding path, and the rest of the second zone of 
further another rod-like article on the downstream bypass- 
feeding path. 

The main feeding path includes a rotatable main drum 
and a plurality of feeding flutes provided on the outer 
peripheral surface of the main drum. The feeding flutes 
are arranged at regular intervals in a circumferential 
direction of the main drum. When the main drum rotates, 
the feeding flutes are classified into every other 
receiving flutes of the first feeding phase for receiving 
rod-like articles at a receiving position and other 
receiving flutes of the second feeding phase. The bypass - 
feeding path includes a bypass drum train situated near the 
main drum. The bypass drum train has a plurality of fluted 
drums for receiving the rod- like article from a receiving 
flute of the first feeding phase of the main drum to convey 
the rod- like article thereon and then returning the rod- 
like article to a receiving flute of the second feeding 
phase of the main drum. 

Since the main drum and the bypass drum train can be 



easily incorporated into a feeding drum train provided for 
a filter cigarette-manufacturing machine, the appearance 
inspection device of the present invention is suitable to a 
cigarette or filter cigarette appearance inspection. 

Brief Description of the Drawings 

Fig. 1 is a schematic view showing a filter cigarette- 
manufacturing machine; 

Fig. 2 is a view showing a filter cigarette- 
manufacturing process carried out by the manufacturing 
machine in Fig. 1; 

Fig. 3 is a schematic view showing a part of an 
inspection device incorporated into the manufacturing 
machine in Fig. 1; 

Fig. 4 is a view partially showing an outer peripheral 
surface of a main drum in Fig. 3; 

Fig. 5 is a view showing zones of a filter cigarette 
imaged by an inspection camera in Fig. 3; and 

Fig. 6 is a view showing a captured image obtained by 
the inspection camera. 

Best Mode of Carrying out the Invention 

A filter cigarette-manufacturing machine in Fig. 1 
comprises a drum train 2 that defines a feeding path and 
extends in a horizontal direction. The drum train 2 
includes many feeding drums arranged adjacently to one 
another. Two adjacent feeding drums are rotated in a 
reverse direction to each other. Each feeding drum is a 
fluted drum having a plurality of feeding flutes on an 
outer peripheral surface thereof, and these feeding flutes 
are arranged at regular intervals in a circumferential 
direction of the feeding drum. 

Referring to Fig. 1, the feeding drum situated on the 



right end of the drum train 2 is a receiving drum 4 . The 
receiving drum 4 has feeding flutes each capable of 
receiving cigarette rods CR one by one while the receiving 
drum 4 rotates. The cigarette rods CR are intermittently 
supplied from a cigarette-manufacturing machine (not shown) . 
Thereafter, the cigarette rods CR on the receiving drum 4 
are conveyed while being sequentially transferred to the 
adjacent feeding drum by the rotation of each feeding drum 
of the drum train 2 . 

More specifically, the feeding flutes of each feeding 
drum have suction holes in bottoms thereof, and the suction 
holes are supplied with suction pressures. Accordingly, 
rod-like articles, such as cigarette rods CR, the after- 
mentioned cigarettes C, filter plugs FP, double filter 
cigarettes DFC, filter cigarettes FC, and the like, are 
conveyed while being sucked within the feeding flutes. 
Moreover, the transfer of a rod- like article can be done by 
controlling the suction pressures of feeding flutes of 
adjacent feeding drums when the feeding flutes of the 
feeding drums meet each other. 

In the process of feeding a cigarette rod CR, the 
cigarette rod CR is first cut into equal parts to be 
divided into two cigarettes C. The cutting herein is 
carried out on the feeding drum having a rotary knife 6 . 
Thereafter, the two cigarettes C are so moved as to 
separate from each other in axial directions thereof, which 
secures a predetermined space between the cigarettes C. 
The space is supplied with a filter plug FP, and the filter 
plug FP is positioned between the two cigarettes C. 

Filter plugs FP are obtained by cutting a filter rod 
into pieces of a predetermined length. More specifically, 
filter rods are each stored in a pair of hoppers 10 located 
above the drum train 2 . A drum train 8 extends from the 



hoppers 10 toward the drum train 2 and includes many fluted 
drums like the drum train 2, the fluted drums being 
situated adjacently to one another. 

The drum train 8 takes out a filter rod from each 
hopper 10 and feeds these filter rods toward the drum train 
2. In this feeding process, the filter rods are cut into 
discrete filter plugs FP, and the filter plugs FP are 
subjected to an alignment process to form a flow of the 
filter plugs FP in a line. Thus, the filter plugs FP are 
supplied from a terminal end of the drum train 8 to the 
space between the two cigarettes C on the drum train 2. 
Thereafter, each of the two cigarettes C is in closely 
contact with each end of the filter plug FP to form a 
cigarette/plug assembly on the drum train 2. 

Furthermore, the drum train 2 comprises a rolling 
section 12 located downstream from the terminal end of the 
drum train 8. Just before entering the rolling section 12, 
the cigarette/plug assembly is supplied with a tip paper 
piece T. Paste is beforehand applied to one side of the 
tip paper piece T, thereby bonding one end edge of the tip 
paper piece T to the cigarette/plug assembly. 

Subsequently, when the cigarette/plug assembly rolls 
to pass through the rolling section 12, the tip paper piece 
T is wound around the cigarette/plug assembly. The winding 
of the tip paper piece T forms a double filter cigarette 
DFC in which the two cigarettes C and the filter plug FP 
are connected through the tip paper piece T. The double 
filter cigarette DFC is conveyed from the rolling section 
12. 

The tip paper piece T can be obtained by cutting tip 
paper P. More specifically, the tip paper P is supplied 
from a tip paper roll R to a receiving drum 13. The 
receiving drum 13 is situated immediately above the rolling 
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section 12, and the tip paper P is cut by a rotary knife 14 
into discrete tip paper pieces T on the receiving drum 13. 
Before the cutting of the tip paper P, paste has applied to 
one side thereof. 

In the process of feeding the double filter cigarette 
DFC on the drum train 2 situated downstream from the 
rolling section 12, the double filter cigarette DFC passes 
the feeding drum with a rotary knife 16. At this time, the 
rotary knife 16 cuts the double filter cigarette DFC at the 
center of the filter plug FP into two equal parts, thereby 
forming two filter cigarettes FC. Thereafter, in the 
process of feeding the filter cigarettes FC on the drum 
train 2, the two filter cigarettes FC are so moved as to 
separate from each other and supplied to an arrangement 
conveyor 18. The arrangement conveyor 18 orients the two 
filter cigarettes FC to same direction and conveys the 
filter cigarettes FC toward a packing machine (not shown). 

Fig. 2 illustrates a process of manufacturing the two 
filter cigarettes FC out of the above-mentioned cigarette 
rod CR. 

Fig. 3 shows an appearance inspection device 
incorporated into the aforementioned manufacturing machine. 

The appearance inspection device comprises a main drum 
20. The main drum 20 may be replaced with one of the 
feeding drums in the drum train 2, more specifically, a 
feeding drum located downstream from the feeding drum with 
the rotary knife 16. The main drum 20 is a fluted drum 
similar to the feeding drums and has an outer peripheral 
surface on which a plurality of receiving flutes 22 is 
formed. The receiving flutes 22 are arranged at regular 
intervals in a circumferential direction of the main drum 
20 and each have a plurality of suction holes in the 
bottoms thereof . 
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The feeding drums in the drum train 2 have the same 
peripheral velocity and the same pitch for the feeding 
flutes. Accordingly, the adjacent feeding drums are 
rotated while the feeding flutes thereof meet one another. 
5 On the contrary, although the main drum 20 has the same 
peripheral velocity as the feeding drums, a pitch for the 
receiving flutes 22 thereof is a half of that for the 
feeding flutes of the feeding drums. Therefore, the 
receiving flutes 22 of the main drum 20 alternately meet 

10 with the feeding flutes of the adjacent feeding drum. 

When the main drum 20 is rotated counterclockwise, 
that is, in a direction of an arrow CC in Fig. 3, therefore, 
the receiving flutes 22 of the main drum 20 can alternately 
receive the filter cigarettes FC from the upstream feeding 

15 drum as shown in Fig. 4. The filter cigarette FC received 
in the receiving flute 22 is conveyed toward the downstream 
feeding drum. The outer peripheral surface of the main 
drum 20 or the receiving flutes 22, which are serially 
arranged in the circumferential direction of the main drum 

20 20, define a main feeding path for the filter cigarettes FC. 

In Fig. 4, among the receiving flutes 22 of the main 
drum 20, the receiving flutes 22 that are capable of 
receiving the filter cigarettes FC from the upstream 
feeding drum are each provided with an identification sign 

25 "a", whereas the receiving flutes 22 except the receiving 

flutes 22a, or empty receiving flutes 22, are each provided 
with an identification sign n b" . 

As is obvious from Fig. 4, when the filter cigarette 
FC is received by the receiving flute 22a , about half 

30 circumferential portion of the outer peripheral surface of 
the filter cigarette FC is covered with the receiving flute 
22a, while the other half circumferential portion faces 
outward in a radial direction of the main drum 20 and is 
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exposed outside. 

As Is clear from the aforementioned, the main drum 20 
receives two filter cigarettes FC from the upstream feeding 
drum at the same time with the receiving flutes 22a. To 
5 avoid a complicated description , however, the following 
explanation is provided with a focus on one of the two 
filter cigarettes FC. 

The main drum 20 comprises a bypass drum train 24 in 
the vicinity of the outer peripheral surface thereof. The 

10 bypass drum train 24 is situated downstream from the 
aforementioned upstream feeding drum in a rotating 
direction of the main drum 20. The bypass drum train 24 
includes, for example, three bypass drums 26, 28 and 30. 
The bypass drums 26 and 30 are so located as to make 

15 rolling contact with the outer circumference of the main 
drum 20 while rotating, and separated from each other in 
the rotating direction of the main drum 20. More 
specifically, the bypass drum 26 is disposed downstream 
from the bypass drum 30 in the rotating direction of the 

20 main drum 26. On the other hand, the bypass drum 28 is so 
located as to make rolling contact with both the bypass 
drums 26 and 30 while rotating on the outside of the bypass 
drums 26 and 30. 

The bypass drums 26 through 30 are also fluted drums, 

2 5 and each bypass drum has a plurality of bypass flutes 32 on 
an outer peripheral surface thereof. The bypass flutes 32 
of each bypass drum are disposed at regular intervals in a 
circumferential direction of the bypass drum and each have 
a plurality of suction holes on the bottom thereof. The 

30 pitch for the bypass flutes 32 of each bypass drum is 

double the pitch for the receiving flutes 22a of the main 
drum 20, and the bypass drums 26 through 30 have the same 
peripheral velocity as the main drum 20. Moreover, the 
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bypass drums 26 and 30 are rotated in a reverse direction 
to the rotating direction of the main drum 20. Accordingly, 
each bypass flute 32 of the roundabout drum 26 periodically 
meets with a receiving flute 22a of the main drum 20, 
5 whereas each bypass flute 32 of the bypass drum 30 meets 
with a receiving flute 22b of the main drum 20. 

The bypass drum 28 is rotated in the same direction as 
the rotating direction of the main drum 20, or in the 
counterclockwise direction. Therefore, each bypass flute 

10 32 of the bypass drum 28 periodically meets with bypass 
flutes 32 of the bypass drums 26 and 30, respectively. 

As mentioned above, the receiving flutes 22a of the 
main drum 20 receive the filter cigarettes FC from the 
upstream feeding drum. The filter cigarettes FC in the 

15 receiving flutes 22a are conveyed along the rotation of the 
main drum 20 to reach the upstream bypass drum 30. At this 
time, the bypass flutes 32 of the bypass drum 30 do not 
meet with the receiving flutes 22a of the main drum 20, so 
that the filter cigarettes FC in the receiving flutes 22a 

20 pass the bypass drum 30 and are further conveyed toward the 
downstream bypass drum 26. 

When a filter cigarette FC reaches the bypass drum 26, 
the receiving flute 22a containing the filter cigarette FC 
meets with the bypass flute 32 of the bypass drum 26. Then, 

25 the filter cigarette FC is transferred from the receiving 
flute 22a to the bypass flute 32 of the bypass drum 26. 

Thereafter, the filter cigarette FC is transferred 
from the bypass drum 26 through the bypass drum 28 to the 
bypass drum 30 and received in the bypass flute 32 of the 

30 bypass drum 30. The filter cigarette FC on the bypass drum 
30 is conveyed toward the outer peripheral surface of the 
main drum 20. 

When the bypass flute 32, in which the filter 
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cigarette FC has been received, meets with the receiving 
flute 22b of the main drum 20, the filter cigarette FC is 
transferred from the bypass drum 30 to the receiving flute 
22b of the main drum 20 and then are conveyed again on the 
5 main drum 20, that is, the main feeding path. Therefore, 
as illustrated in Fig. 3, on the main drum 20, all 
receiving flutes 22 located between the bypass drums 26 and 
30 receive a filter cigarette FC. 

Thereafter, the receiving flutes 22b of the main drum 

10 20 do not meet with the bypass flutes 32 of the bypass drum 
26. Therefore, even the filter cigarette FC in the 
receiving flute 22b reaches the bypass drum 26 again, the 
filter rod FC is not transferred to the bypass drum 26 and 
passes the bypass drum 26. As is clear from Fig. 3, after 

15 passing the bypass drum train 24, the filter cigarettes FC 
are all conveyed with received in the receiving flutes 22b 
of the main drum 20. 

In other words, the receiving flutes 22a of the main 
drum 20 can feed the filter cigarettes FC in a bypass phase 

20 that allows the filter cigarettes FC to be transferred to 
the bypass drum 26. On the contrary, the receiving flutes 
22b of the main drum 20 can feed the filter cigarettes FC 
in a passing phase that allows the filter cigarettes FC to 
pass the bypass drum 26. 

25 In order to make it possible to securely transfer the 

filter cigarettes FC between the main drum 20 and the 
bypass drum train 24, the receiving flutes 22a of the main 
drum 20 can be supplied with suction pressures through the 
suction holes thereof when being in a suction zone Si as 

30 shown in Fig. 3, whereas the receiving flutes 22b of the 

main drum 20 can be supplied with suction pressures through 
the suction holes thereof when being in a suction zone S 2 
as shown in Fig. 3. 
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More specifically, as is apparent from Fig. 3, in view 
of the circumferential direction of the main drum 20 , when 
Pi denotes a position where the main drum 20 is supplied 
with the filter cigarettes FC from the upstream feeding 
5 drum, and P 2 denotes a position where the filter cigarettes 
FC are transferred from the main drum 20 to the bypass drum 
26 to make a detour, the suction zone Si extends from the 
immediate before the receiving position P x to the immediate 
before the bypass position P 2 in the circumferential 

10 direction of the main drum 20. 

Moreover, when P 3 denotes a position where the filter 
cigarettes FC return from the bypass drum 30 to the main 
drum 20, and P 4 denotes an after-mentioned bypass position, 
the suction zone S 2 extends from the Immediate before the 

15 returning position P 3 to the immediate before the bypass 
position P 4 in the circumferential direction of the main 
drum 20. 

As illustrated in Fig. 4, each receiving flute 22 has 
a pair of suction holes, for example. The suction holes 34 

20 of the receiving flute 22a and the suction holes 36 of the 
receiving flute 22b are disposed in different positions 
from each other in the axial direction of the receiving 
flute 22. Accordingly, when passing the suction zone Si 
while the main drum 20 rotates, the suction holes 34 are 

25 connected to a suction slot (not shown) that defines the 
suction zone Si. On the other hand, the suction holes 36 
are connected to a suction slot (not shown) that defines 
the suction zone S 2 when passing the suction zone S 2 . In 
addition, these suction slots are formed in a fixed sleeve 

30 (not shown) . The fixed sleeve is arranged concentrically 
and unrotatably in the main drum 20. 

Furthermore, when the filter cigarette FC is received 
in the bypass flute 32 of the bypass drum 26 from the 
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receiving flute 22a of the main drum 20 , the bypass flute 
32 sucks a part of an exposed circumferential surface of 
the filter cigarette FC. Thus, when the filter cigarette 
FC is conveyed on the bypass drum 26, part of the outer 
peripheral surface of the filter cigarette FC, that is 
hidden in the receiving flute 22a, is so exposed as to face 
outward in a radial direction of the bypass drum 26. 

When the filter cigarette FC is conveyed on the bypass 
drum 26, the exposed circumferential surface of the filter 
cigarette FC should be widely secured. To this end, the 
bypass flute 32 of the bypass drum 26 has smaller depth 
than the receiving flute 22, as is obvious from Fig. 3. 

On the other hand, the bypass flute 32 of the bypass 
drum 28 has the same depth as the receiving flute 22. 
Therefore, when the filter cigarette FC is transferred from 
the bypass drum 26 to the bypass drum 28, the exposed part 
of the outer peripheral surfaces of the filter cigarette FC 
on the bypass drum 28 and that of the filter cigarette FC 
in the receiving flute 22a are same. 

Furthermore, the bypass flute 32 of the bypass drum 30 
has the same depth as the bypass flute 32 of the bypass 
drum 26. Accordingly, the filter cigarettes FC on the 
bypass drums 26 and 30 are exposed in the same parts of the 
outer peripheral surfaces thereof. When the filter 
cigarette FC is returned to the receiving flute 22b, the 
filter cigarettes FC in the receiving flutes 22a and 22b 
are exposed in the same parts of the outer peripheral 
surfaces thereof. 

Furthermore, the bypass drums 26 and 30 have recesses 
38 between the bypass flutes 32. When the filter cigarette 
FC is transferred from the main drum 20 to the bypass drum 
26, or when the filter cigarette FC is returned from the 
bypass drum 30 to the main drum 20, the recesses 38 prevent 
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the filter cigarette FC on the main drum 20 from 
interfering with the filter cigarette FC on the bypass drum 
26 or 30. As a result, it becomes possible to surely carry 
out the transfer of the filter cigarette FC from the main 
5 drum 20 to the bypass drum 26 and the return of the filter 
cigarette FC from the bypass drum 30 to the main drum 20. 

The main drum 20 further comprises a bypass drum train 
40 similar to the above -described bypass drum train 24. 
The bypass drum train 40 is situated downstream from the 

10 bypass drum train 24 in the rotating direction of the main 
drum 20. There is secured a predetermined space between 
the upstream and downstream bypass drum trains 24 and 40 in 
the circumferential direction of the main drum 20. 

The downstream bypass drum train 40 has the same 

15 structure as the upstream bypass drum train 24. Therefore, 
in the following explanation about the bypass drum train 40, 
members and portions of the bypass drum train 40 that have 
the same functions as those of the upstream bypass drum 
train 24 are referred to by the same reference numerals. 

20 Explanations about such members and portions will be 

omitted, and only distinctive features over the bypass drum 
train 24 will be described. 

The bypass drum 26 of the downstream bypass drum train 
40 receives the filter cigarette FC from the receiving 

2 5 flute 22b of the main drum 20 and conveys the received 

filter cigarette FC. The bypass drum 30 of the bypass drum 
train 40 returns the filter cigarette FC to the receiving 
flute 22a of the main drum 20. Accordingly, as for the 
bypass drum train 40, the receiving flute 22b of the main 

30 drum 20 feeds the filter cigarette FC in the bypass phase, 
while the receiving flute 22a in the passing phase. In 
consequence, as is apparent from Fig. 3, the filter 
cigarettes FC that have passed the bypass drum train 40 are 
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all received by the receiving flutes 22a of the main drum 
20 and conveyed on the main drum 20. 

The above-mentioned bypass position P 4 denotes a 
position where the filter cigarette FC is transferred from 
5 the main drum 20 to the bypass drum 26 of the bypass drum 
train 40. The main drum 20 further includes a suction zone 
S3. The suction zone S 3 supplies a suction pressure to the 
suction holes 34 of the receiving flute 22a in the same 
manner as the suction zone Si. 

10 More specifically, when P 5 denotes a position where 

the filter cigarette FC is returned from the bypass drum 30 
of the bypass drum train 40 to the main drum 20, and P 6 
denotes a position where the filter cigarette FC is 
transferred from the main drum 20 to the downstream feeding 

15 drum, the suction zone S 3 extends from the immediate after 
the returning position P 5 to the immediate before the 
delivering position P 6 in the circumferential direction of 
the main drum 20. 

Consequently, the filter cigarettes FC received by the 

20 receiving flutes 22a at the receiving position Pi of the 
main drum 20 are deviously conveyed on the upstream and 
downstream bypass drum trains 24 and 40 in turn, in the 
process of being conveyed on the main drum 20, and then 
transferred from the receiving flutes 22a to the downstream 

25 feeding drum at the delivering position P 6 of the main drum 
20. 

There is disposed an inspection camera 42 in the 
outside of the main drum 20. The inspection camera 42 is 
located between the upstream bypass drum train 24 and the 
30 downstream bypass drum train 40 in the rotating direction 
of the main drum 20 and directed to the outer peripheral 
surface of the main drum 20. The inspection camera 42 
includes a CCD (charge coupled device) and has a 
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predetermined visual field. The visual field of the 
inspection camera 42 is longer than the length of the 
filter cigarette FC in respect of the axial direction of 
the main drum 20 and longer than the whole peripheral 
5 length of the filter cigarette FC in respect of the 
circumferential direction of the main drum 20. 

When the filter cigarette FC on the main drum 20 
passes under the inspection camera 42 while the main drum 
20 rotates, the inspection camera 42 directly images part 

10 of the outer peripheral surface of the filter cigarette FC. 
At this time, the image area of the outer peripheral 
surface of the filter cigarette FC corresponds to a portion 
that faces outward in the radial direction of the main drum 
20. Specifically, referring to Fig. 5, the image area 

15 corresponds to a Y zone of the entire outer peripheral 
surface of the filter cigarette FC, and the Y zone is 
defined by a sector having a center angle of at least 120°. 
The Y zone of each filter cigarette FC illustrated in Fig. 
3 is not hatched to agree with the one shown in Fig . 5 . 

20 Furthermore, as illustrated in Fig. 3, disposed 

between the inspection camera 42 and the main drum 20 is a 
pair of reflecting mirrors 44 and 46. The reflecting 
mirror 44 is directed to the circumferential surface of the 
bypass drum 26 of the bypass drum train 24. Therefore, 

25 when the filter cigarette FC is conveyed on the bypass drum 
26, the reflecting mirror 44 reflects an image of an 
approximately half of the exposed circumferential surface 
of the filter cigarette FC, namely an image of an X zone, 
toward the inspection camera 42, which enables the 

30 inspection camera 42 to image the X zone. In Fig. 3, the X 
zone of each filter cigarette FC is hatched with meshes. 

On the other hand, the reflecting mirror 4 6 is 
directed to the outer peripheral surface of the bypass drum 
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30 of the bypass drum train 40. Accordingly, when the 
filter cigarette FC is conveyed on the bypass drum 30, the 
reflecting mirror 46 also reflects an image of an 
approximately half of the exposed circumferential surface 
5 of the filter cigarette FC, namely an image of a Z zone, 
toward the inspection camera 42, and the Inspection camera 
42 images the Z zone. In Fig, 3, the Z zone of each filter 
cigarette FC is shown with parallel hatched lines* 

The X and Z zones are defined by sectors similarly to 

10 the Y zone, and these sectors each have a center angle of 
at least 120°. Moreover, as is obvious from Fig. 3, the X 
and Z zones indicate different regions of the exposed 
circumferential surfaces of the filter cigarettes FC. 

The inspection camera 42 is capable of performing not 

15 only the imaging of the Y zone but also the imaging of the 
X and Z zones at the same time and obtaining a captured 
image in which the X, Y and Z zones are pieced together as 
shown in Fig. 6. As is obvious from the above description, 
although the X, Y and Z zones in the captured image are 

20 obtained from the outer peripheral surfaces of the 

different filter cigarettes FC, the captured image covers 
the entire outer peripheral surface of a filter cigarette 
FC as is clear from Fig. 5 in view of each filter cigarette 
FC. This means that a single imaging action of the 

2 5 inspection camera 40 can provide a captured image that 

corresponds to the entire outer peripheral surface of one 
filter cigarette FC. 

The inspection camera 40 sequentially transmits 
captured images to an image processing device 48. The 

30 image processing device 48 collects image data of the 

entire outer peripheral surface of each filter cigarette FC 
on the basis of the captured image, and then, based on the 
image data, decides quality of appearance of each filter 
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cigarette FC. 

Specifically, the image transmitted from the 
inspection camera 40 includes the X, Y and Z zones of the 
different filter cigarettes FC, so that the image 
5 processing device 48 detects defects, such as dirt, stains 
and the like, from the image data in the captured image, 
that corresponds to approximately a third part of the outer 
peripheral surface, respectively, with respect to each 
filter cigarette FC, In other words, in view of a single 

10 filter cigarette FC, substantially thirds of the outer 
peripheral surface of the filter cigarette FC are 
sequentially inspected one by one in the feeding process, 
thus completing the inspection of the entire outer 
peripheral surface of the filter cigarette FC. 

15 In cases where the image processing device 48 detects 

a defect in appearance of the filter cigarette FC, the 
image processing device 48 outputs an ejection signal at a 
predetermined timing, and then based on the ejection signal, 
the defective filter cigarette FC is ejected from the main 

20 drum 20. More specifically, the main drum 20 has an 
ejection nozzle (not shown) built-in in the immediate 
before .the delivering position P 6 . The ejection nozzle 
blows out ejecting air into the receiving flute 22a through 
the suction holes 34 based on the ejection signal. The 

25 ejecting air blows away defective filter cigarette FC from 
the receiving flute 22a. In addition, the ejection 
position of the defective filter cigarettes FC is not 
limited to the main drum 20 and may be allocated to a 
feeding drum arranged downstream from the main drum 20. 

30 The present invention is not limited to the 

aforementioned embodiment and may be modified in various 
ways . 

In the above embodiment, for example, although the 
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reflecting mirrors 44 and 46 are utilized for imaging the X 
and Z zones of the filter cigarettes FC, these reflecting 
mirrors may be replaced with prisms or the like. 

Furthermore, the filter cigarette FC does not 
5 necessarily have to be bypassed from the main drum 20 
through the upstream and downstream bypass -feeding drum 
trains 24 and 40 , respectively. For instance, if there are 
disposed reflecting mirrors 50 and 52 as shown by imaginary 
lines in Fig. 3, when the filter cigarette FC is conveyed 

10 on the upstream bypass -feeding drum train 24, the 

reflecting mirrors 50 and 52 can simultaneously provide the 
image of the Z zone of the filter cigarette FC for the 
inspection camera 42. As a consequence, even if there is 
provided only one bypass -feeding drum train, the inspection 

15 camera 42 is capable of imaging the X, Y and Z zones of the 
filter cigarettes FC at a time. 

The appearance inspection device according to the 
present invention is capable of inspecting not only the 
appearance of the filter cigarette FC but also that of the 

20 cigarette rod CR, the cigarette C and the double filter 
cigarette DFC as well. Furthermore, the appearance 
inspection device may be applied not only to the appearance 
inspection of tobacco products but also that of various 
kinds of rod- like articles. 



